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ABSTRACT 

A c e l l  f o r  t he  e lect rochemical  p repara t i on  o f  tagged p r e c i p i t a t e s  

o f  Zn( I1 )  and Cd( I1)  has been fab r i ca ted .  

E lect rochemical ly -prepared Ago L js 50% conver ted t o  AgpO i n  24 hours 

when heated a t  a cons tan t  1300. 

140° and 150°, r e s p e c t i v e l y ,  i n  t h e  same t ime. 

Conversion i s  84% and 90% complete a t  

The maximum s o l u b i l i t y  concentrat ion o f  Ag(1) i s  4-5 x - VF i n  

10 - VF KOH f o r  bo th  Ago and Ag20. 

decreases s l o w l y  w i t h  t i m e .  

concen t ra t i on  and shows a maximum a t  about 5 - VF KOH. 

The concen t ra t i on  i n  the  Ago system 

The s o l u b i l i t y  o f  Ag20 depends on t h e  KOH 
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h 

The objectives of the contract are three-fold: 

(1) The characterization of  cadmium and zinc anodic reaction products. 

( 2 )  The thermal decomposition of s i l ve r  oxide. 

( 3 )  The deposition o f  si lver  on zinc anodes. 

This report will be divided into:  ( A )  The investigation of the insol-  

uble products of the electrochemical oxidation o f  zinc, ( B )  The thermogravi- 

metric investigation of Ago, and ( C )  The rate  of solution o f  Ago and  Ag20 

i n  KOH solutions. 

A.  

I ntroducti on 

Several prob 

ELECTROCHEMICAL OXIDATION OF Z I N C  

ems arose d u r i n g  the i n i t i a l  attempts to  obtain inso 

Z n ( I 1 )  products by electrochemical oxidation. I n  a l l  cases where the 

ubl e 

cel l  

was constructed of a zinc sheet anode and a Ago cathode i n  a polyethylene 

container, the Zn(I1) product tended t o  supersaturate the solution t o  the 

extent t h a t  no s o l i d  could be recovered. 

which could be produced by the cel l  in the galvanic mode was uselessly 

small. When current was forced through the system by an external power 

supply, zinc was found t o  plate on the cathode thus reducing the Zn(I1) 

almost as rapidly as i t  was formed. Flat ,  small-volume c e l l s  produced 

similar problems while permitting only the d i f f i c u l t  recovery of small 

quantit ies of Zn(I1) sol id .  

ce l l  was designed and tested. 

Experimenta 1 

A t  the same time, the current 

I n  order t o  eliminate these problems, a new 

A simple two-compartment ce l l  was used. The auxiliary electrode was 

An ungreased, closed stopcock was a platinum wire immersed i n  10 E KOH. 
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mounted i n  the  c e n t e r  of t h e  e l e c t r o l y t e  b r i d g e  t o  min imize m a t e r i a l  

t r a n s f e r  w h i l e  p r o v i d i n g  e l e c t r i c a l  con tac t .  

t h e  e l e c t r o l y t e  s o l u t i o n  i n  the work ing e l e c t r o d e  compartment was made 

through a smal l  ho le  i n  the  side o f  t h e  tube, t he  end being sealed. 

t h i s  way, gas formed a t  t h e  anode was prevented from e n t e r i n g  t h e  b r idge .  

The b r i d g e  e l e c t r o l y t e  s o l u t i o n  was 10 VF KOH f r e e  o f  z i n c .  

The b r i d g e  c o n t a c t  w i t h  

I n  

- 
The working e lec t rode  was E l e c t r o n i c  Space Product Grade 6N z inc ,  

0.25 mm t h i c k ,  c u t  i n  a c i r c l e  o f  1.0 cm rad ius ,  a t tached t o  a rectangu- 

l a r ,  p la t inum-sheet  con tac t  w i th  Epoxy cement, and placed h o r i z o n t a l l y  

on the  bottom of a g lass weighing b o t t l e  (See F igu re  1). The e l e c t r o -  

l y t e  s o l u t i o n  was 2 m l  of 10 VF KOH sa tu ra ted  w i t h  ZnO. - 
Constant c u r r e n t  a t  30 ma was supp l i ed  by an E l e c t r o n i c s  Measure- 

ments Model C629 power supply t o  the  c e l l  f o r  about 24 hours u n t i l  t h e  

e l e c t r o d e  was complete ly  consumed. Because t h e  c e l l  r e s i s t a n c e  was h igh ,  

t he  a p p l i e d  vo l tage  was about 35 v.  

f i c a n t l y  i n  the  v i c i n i t y  o f  the stopcock b u t  n o t  s u f f i c i e n t l y  t o  cause 

damage. 

The b r i d g e  temperature rose s i g n i -  

Operated i n  the  above fashion, the anode produced what appeared t o  

be q u i t e  c lean ZnO o r  Zn(OH)p. A very  f a i n t  gray t i n g e  remained i n  the  

residue, b u t  t he  c o l o r  probably represents an i n s i g n i f i c a n t  q u a n t i t y  o f  

meta l .  

and should be adequate f o r  analys is .  

The q u a n t i t y  o f  product g r e a t l y  exceeded any p r e v i o u s l y  obta ined 

The sur face o f  the z i n c  e 

e l e c t r o l y s i s  and remained dark 

Microscopic examination showed 

r e a c t i o n .  This does n o t  expla 

ect rode darkened a f t e r  about one hour o f  

as long as  any m e t a l l i c  z i n c  was present .  

t h a t  the surface becomes p i t t e d  d u r i n g  the 

n the  reduced chemical a c t i v i t y  which has 
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been observed ( 1 ) .  

James, Straumanis, and Johnson ( 3 ) .  

t e r i a l ,  f i n e l y  d i v i d e d  z inc ,  r a p i d l y  tu rns  t o  w h i t e  i n  the  presence o f  

mois ture.  Samples prepared i n  t h i s  l a b o r a t o r y  were washed and l e f t  mo is t  

i n  con tac t  w i t h  a i r  bu t  d i d  not t u r n  wh i te  over a p e r i o d  o f  severa l  days. 

Very l i k e l y  the method of p repara t i on  a f f e c t s  the r e a c t i v i t y  o f  t h e  ma- 

t e r i a l .  

Proposed Work 

S i m i l a r  layers have been repo r ted  by D i r kse  ( 2 )  and by 

The l a t t e r  s t a t e  t h a t  t h e  b lack  ma- 

Tracer experiments w i t h  z inc anodes w i l l  be performed w i t h  the  new 

Pure sheet cadmium has been ordered and s i m i l a r  experiments w i l l  be c e l l .  

performed. 

B. THERMAL DECOMPOSITION OF Ago 

ExDerimental 

A m o d i f i c a t i o n  o f  the thermogravimetr ic weighing system p r e v i o u s l y  

descr ibed ( 4 )  was found t o  be necessary f o r  constant- temperature e x p e r i -  

ments. The temperature a t  t h e  p o s i t i o n  o f  the sample i s  q u i t e  d i f f e r e n t  

from t h a t  a t  t h e  sur face o f  the hea te r - - the  p o s i t i o n  o f  t h e  c o n t r o l l i n g  

thermocouple. The c u r r e n t  procedure i s  t o  p lace  t h e  c o n t r o l  thermocouple 

aga ins t  the hangdown tube and a t  t h e  sur face o f  t he  heater  d i r e c t l y  oppo- 

s i t e  the sample pan. 

tube about 1 mm below the sample. 

A second, sensing thermocouple i s  p laced i n s i d e  t h e  

This  thermocouple i s  connected t o  a 

Leeds and Northrup K-3 potent iometer and t h e  temperature (emf) i s  measured 

- vs t h a t  o f  a s i m i l a r  thermocouple immersed i n  an ice-water  bath.  Tempera- 

t u r e  c o n t r o l  has n o t  been as good as des i red,  b u t  the temperature measured 

on t h e  sensing thermocouple can be h e l d  w i t h i n  1' o f  t h a t  des i red .  
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Ago samples were taken from a s i n g l e  batch prepared e lec t rochemica l l y  

on a p la t i num-g r id  e lec t rode  as p r e v i o u s l y  descr ibed ( 4 ) .  

weighed about 30 mg i n i t i a l l y .  

t r o l  l e d  temperatures of 130°, 1400, and 150°. 

w i t h  a Cahn Model RG e lect robalance and recorded e i t h e r  w i t h  a [Jef f  Model 

401 PA 10-mv recorder  o r  w i t h  a Texas Inst ruments Servo /R i te r  I1  l-mv r e -  

corder .  Temperature was c o n t r o l l e d  w i t h  an F & t4 Model 240 F1 c o n t r o l l e r .  

Temperatures were measured p e r i o d i c a l l y  and the  c o n t r o l l e r  r e - s e t  as r e -  

q u i  red.  

Resul ts  and Discuss ion 

A l l  samples 

Runs were made f o r  about one week a t  con- 

Weight changes were measured 

The constant- temperature thermograms run  thus f a r  a re  shown i n  F i g -  

u r e  2. Each curve i s  the  average o f  a t  l e a s t  two se ts  o f  measurements. 

The r a t e  o f  r e a c t i o n  i s  seen t o  increase w i t h  i nc reas ing  temperature 

as i s  expected. Furthermore, t h e  r a t e  i n  the  f i r s t  few hours i s  approx i -  

mate ly  doubled w i t h  each 10' increase i n  temperature. A rough comparison 

o f  h a l f - l i v e s  suggests the  reac t i on  t o  be f i r s t  o rde r  w i t h  respect  t o  Ago. 

From a p r a c t i c a l  s tandpoint ,  t h e  impor tant  observa t ion  i s  t h a t  Ago 

i s  approx imate ly  50% converted t o  AgEO w i t h  24 hours a t  130' w h i l e  conver-  

s i o n  i s  84% and 90% a t  140' and 150°, respec t i ve l y ,  i n  the  same t ime p e r i o d  

One cou ld  reasonably extend these observat ions t o  p r e d i c t  25% and 12% con- 

ve rs ion  a t  120' and l l O o ,  respec t ive ly ,  i n  24 hours. 

A cur ious  c h a r a c t e r i s t i c  may be observed i n  the  130' and 150' curves 

The s lope of each curve g radua l l y  decreases as would be ex- of F igu re  2. 

pected, b u t  then begins t o  increase, passes through a maximum, and de- 

creases again.  

hea t ing  t ime, b u t  a t  a r e l a t i v e  l o s s  va lue o f  0.2. 

The p o i n t  of maximum does n o t  occur a f t e r  some p a r t i c u l a r  

The phenomenon was n o t  
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observed a t  140°, p o s s i b l y  because no data were taken i n  t h e  proper reg ion .  

However, t h e  140' l i n e  i s  almost s t r a i g h t  from 4.5 t o  7 hours o f  h e a t i n g  

as t h e  curve approaches t h e  reg ion o f  0.2 r e l a t i v e  l o s s .  

A l l e n  ( 5 )  observed a s i m i l a r l y  shaped curve i n  t h e  decomposit ion o f  

Ago i n  vacuum and a t t r i b u t e d  the  e f f e c t s  t o  changes i n  the  r e a c t i o n  geo- 

metry o f  the  s o l i d  w i t h  t ime. 

a t  a much h ighe r  degree o f  decomposition: 40% compared w i t h  h i s  9%. 

d i f f e r e n c e  cou ld  be caused by t h e  d i f f e r e n c e  i n  atmosphere and the  d i f f e r -  

ence i n  p repara t i on  o f  t h e  s o l i d .  

Work done here showed t h e  maximum t o  okcur  

The 

A l l  o f  t he  curves shown here seem t o  approach a s y m p t o t i c a l l y  a r e l a -  

t i v e  l oss  value o f  about 0.46. 

of 92%. 

t i v e  losses i n  excess o f  0.50. 

pared chemica l l y  and t h e  temperatures are  unce r ta in ;  thus the  e a r l i e r  r e -  

s u l t s  may be i n  e r r o r  o r  n o t  comparable. 

Proposed Work 

Th is  corresponds t o  a conversion t o  Ag20 

The r e s u l t  i s  s u r p r i s i n g  s ince  e a r l i e r  exper inents  produced r e l a -  

Those experiments used samples o f  Ago p re -  

Powdered samples o f  chemical ly and commercial ly prepared Ago a s  w e l l  

as Pressed p e l l e t s  of a l l  types w i l l  be i n v e s t i g a t e d  a t  cons tan t  tempera- 

tu res .  Equipment f o r  control led-atmosphere s tud ies  w i l l  be a v a i l a b l e  

s h o r t l y ,  The e f f e c t s  o f  sample i l l u m i n a t i o n  w i l l  be i nves t i ga ted .  

C.  RATE OF SOLUTION OF Ago and Ag20 I N  KOH SOLUTIONS 

Experimental 

Chemical l y -p repared Ago, commercial Ag20, o r  Ago e lec t rodes  were used 

Most o f  t h e  10 - VF KOH s o l u t i o n s  were sa tu ra ted  w i t h  i n  these experiments. 

ZnO. So lu t i ons  o t h e r  than 10 - VF KOH contained no z i n c .  
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Mixtures of sol id  and e lectrolyte  solution were s t i r r e d  magnetically 

The temperature was maintained a t  2 5 O  in closed polyethylene containers. 

f 0. lo  in a thermostated water b a t h .  

Portions of the solution were wi thdrawn periodically,  f i l t e r e d ,  and 

measured volumes added to  an amount of H2S04 necessary to  approximately 

neutralize the base present. 

by a modification o f  the polarographic procedure of Israel  and  Vroman ( 6 ) .  

I t  was necessary t o  cal ibrate  the system daily i n  order t o  o b t a i n  reason- 

able precision. Calibration consisted of measuring diffusion currents of 

known concentrations of Ag(1) on e i t he r  side of the unknown concentration 

and  calculating the l a t t e r  by interpolation. 

5% were obtained. 

Results and Discussion 

These samples were then analyzed fo r  Ag(1) 

Precisions i n  the order of 

Table 1 shows the resu l t s  of  several experimznts i n  which Ago was 

Figure 3 shows an averaged dissolved i n  10 E KOH saturated w i t h  ZnO. 

p l o t  of the measured concentration of Ag(1) w i t h  time. 

Ago i n  t h i s  e lectrolyte  system i s  between 2 x 

the period of measurement. 

concentration of Ag(1) i n  solution. 

maximum a f t e r  a few hours, then decreases. The resu l t s  of Experiment 1 

may not be accurate since they were taken while the procedure was s t i l l  

being modified. 

The so lubi l i ty  of 

and 5 x loq4  - VF over 

Solubi l i t ies  are expressed i n  terms of the 

The concentration of Ag(1) reaches a 

However, they f i t  the observed trend roughly. 

Figure 4 shows the results of experiments i n  which Ago electrodes 

were placed i n  10 - VF KOH saturated w i t h  Z n O .  

only j u s t  prior t o  removal of a sample for analysis. 

the ra te  of solution i s  lower; however, the so lubi l i ty  ultimately reaches 

The mixture was s t i r r ed  

As would be expected, 
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t h a t  a t t a i n e d  by the  powdered Ago. 

be l e s s  and may n o t  be a r e a l  decrease. 

w h i l e  s lowing the i n i t i a l  increase i n  concentrat ion,  may a l s o  slow the 

l a t e r  decrease. 

The concen t ra t i on  decrease seems t o  

However, t h e  l a c k  o f  s t i r r i n g ,  

Table 2 shows the s o l u b i l i t y  w i t h  t ime  o f  Ago i n  10 - VF KOH which i s  

h a l f - s a t u r a t e d  w i t h  ZnO; i .e . ,  10 - VF KOH sa tu ra ted  w i t h  ZnO was d i l u t e d  

w i t h  an equal volume o f  10 - VF KOH c o n t a i n i n g  no z i n c .  Only one e x p e r i -  

ment was performed. The data show t h a t  t h i s  decrease i n  Z n ( I 1 )  concen- 

t r a t i o n  does n o t  s i g n i f i c a n t l y  a f f e c t  t he  s o l u b i l i t y  o f  Ago i n  10 - VF KOH 

even though one would expect some d i f f e r e n c e  i n  the  hydroxide a c t i v i t y .  

Th is  experiment must be repeated. 

Table 3 shows the s o l u b i l i t y  o f  Ag20 i n  10 - VF KOH c o n t a i n i n g  no z i n c .  

Experiments were performed as descr ibed above w i t h  t o t a l  t ime spans as 

l ong  as t h r e e  weeks. The values shown here d i d  mt vary s i g n i f i c a n t l y  

a f t e r  one day. No data were taken a t  s h o r t e r  per iods.  E v i d e n t l y ,  the 

concen t ra t i on  o f  KOH has a s i g n i f i c a n t  e f f e c t  on the  s o l u b i l i t y  o f  Aq20. 

The d i f f e r e n c e  between 4.2 x and 4.6 x 

5 - VF KOH, r e s p e c t i v e l y ,  amounts t o  more than t h r e e  t imes t h e  sample stand- 

a r d  d e v i a t i o n  and should i n d i c a t e  a r e a l  d i f f e r e n c e .  

s o l  u b i  1 i ty has decreased very s i g n i f i c a n t l y  . B i  edermann and S i  11 en ( 7 )  

have suggested the  s o l u b l e  species i n  KOH s o l u t i o n  t o  be Ag', AgOH, and 

Ag(OH)*-. I t  s n o t  poss ib le  t o  c o r r e l a t e  t h e  data here w i th  t h e  e q u i l i -  

br ium constant  o f  Biedermann and S i l l e n  w i t h o u t  knowing the a c t i v i t y  co- 

e f f i c i e n t s  f o r  t he  p e r t i n e n t  species i n  the  h igh  concentrat ions o f  base 

used. The o v e r a l l  t r e n d  i s  cons is ten t  w i t h  those constants,  b u t  the maxi- 

mum a t  5 - VF KOH i s  n o t  explained. 

- VF a t  10 - VF KOH and 

A t  2 - VF KOH, t he  
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Dirkse, Vander Lugt,  and Schnyders (8) have r e p o r t e d  some s o l u b i l i t y  

measurements o f  bo th  Ago and Ag20 i n  1 - VF KOH. The values found were some- 

what lower than those shown here as would be expected, a l though t h e  d i f f e r -  

ences a t  2 E and 1 E seem very h igh.  They n o t i c e d  a maximum concentra- 

t i o n  a f t e r  a few hours fol lowed by a f a i r l y  steady decrease i n  a l l  cases. 

Data acqui red here show no decrease f o r  t he  case o f  Ag20. 

n i z e d  t h a t  t he  c o n d i t i o n s  of the experiments a re  d r a s t i c a l l y  d i f f e r e n t  and 

t h a t  hydroxide a c t i v i t i e s  a r e  probably very much h ighe r  a t  10 VF than a t  

1 - VF. 

an e f f e c t .  

Proposed Work 

I t  must be recog 

- 
Differences i n  water a c t i v i t y  and s o l u t i o n  v i s c o s i t y  would a l s o  have 

So lu t i ons  sa tu ra ted  w i t h  Ago and ZnO which a re  10 VF i n  KOH w i l l  be 

a l lowed t o  r e a c t  w i t h  sheet z nc, w i t h  powdered z inc ,  and w i t h  z i n c  e l e c -  

t rodes.  The Ag(1) concentrat  on w i l l  be monitored as descr ibed above and 

w i l l  be compared w i t h  s i m i l a r  s o l u t i o n s  i n  which no s o l i d  z i n c  i s  present .  

S i m i l a r  experiments w i l l  be performed i n  the  presence o f  s o l i d  Ago and the 

d e p o s i t i o n  o f  Ag on the z i n c  w i l l  be measured. 

- 
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Table 1 

Rate o f  S o l u t i o n  o f  Ago i n  10 VF KOH Saturated w i t h  ZnO - 

Experiment 

1 

2 

3 

Time (hours) 

0.5 

4.5 

24 

48 

96 

168 

24 

48 

120 

168 

Concentrat ion o f  Ag(I)(VF x l o 4 )  

4.1 

4.7 

4.0 

3.5 

3.2 

3.0 

3.8 

3.8 

2.3 

2.6 

4 24 3.7 
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S o l u b i l i t y  o f  Ago 

Table 2 

i n  10 - VF KOH H a l f - s a t u r a t e d  w i t h  ZnO 

Time (,,ours) Concentrat ion o f  A g ( I ) ( E  x D4) 

24 3.8 

96 4.0 

168 3.4 
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Table 3 

Solubili ty o f  Ag20 i n  KOH Solutions a t  25O 

Standard 
Deviation Concentration o f  KOH (!LE) Concentration o f  Aq( I)(YE x lo4) 

10 4.2 0.11 

5 4.6 0.07 

2 3 . 3  0.07 
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